
Chapter 8  
                                   SUBGRADE CONSTRUCTION 
                   
                   
  Introduction    Subgrade is that portion of the earth roadbed which  
                  after having been constructed to reasonably close  
                  conformance with the lines, and grades, and  
                  cross-sections shown on the plans, receives the base or  
                  surface material.  In a fill section, the subgrade is  
                  the top of the embankment or fill.  In a cut section  
                  the subgrade is the bottom of the cut.  See figure 1.   
                  The subgrade supports the subbase and/or the pavement  
                  section, and to insure a stable, long-lasting, and  
                  maintenance free roadway, the subgrade must be  
                  constructed using certain proven procedures that  
                  provide satisfactory results.  By controlling the  
                  moisture, density, and depth of lifts, the available  
                  subgrade materials are processed to meet the finished  
                  subgrade requirements. 
                   
                  After the rough grading is completed, the fine grade  
                  stakes are set and the final processing of the subgrade  
                  can begin.  The rough grade is the top grade of the  
                  embankment as built using the information provided on  
                  the grade sheets, the grade should normally be within  
                  2” at this point.  The finish grading operation  
                  consists of trimming the excess material down to the  
                  final grade.  filling any low spots with thin lifts of  
                  materials tends to slide these lifts around if not  
                  properly worked into the underlying materials. 
                   
  Construction    Unless otherwise provided, the first 6" below the  
  Requirement     subgrade shall be compacted to at least 100% of the  
                  maximum dry density.  Surface drainage must be  
                  maintained during the subgrade preparation.  If  
                  underdrains are specified on the project, they should  
                  be installed prior to the final trimming of the  
                  subgrade.  Special care must be taken to avoid any  
                  damage to the underdrains, such as crushing the pipe or  
                  contaminating the granular underdrain backfill.  Also  
                  the outlets for the underdrains must be kept  
                  unobstructed to insure the maximum benefit from their  
                  use.  The subgrade and adjacent shoulders should be  
                  graded and rolled smooth to prevent water from standing  
                  on them.  This can help shorten the drying time caused  
                  by rain delays during the subgrading operations. 
                   
                  A subgrade constructed with uniform materials and at  
                  uniform density is the objective.  This should be no  
                  problem in the fill sections, since the top lift of the  
                  embankment is the subgrade.  But the subgrade in a  
                  cut section is the soil in place at the grade  
                  line.  The deeper the cut goes, the more likely the  
                  subgrade soils will be fairly uniform.  Shallow cuts 
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                  near the original ground line tend to be more variable  
                  in soil types.  Soils with differing textural make-up  
                  react differently under changing moisture and stress  
                  conditions.  Pockets of dissimilar soils can lead to  

failures in the subgrade.  This is due to uneven 
reactions that take place because of changing moisture 
and stress conditions present during the life of the 
roadway.  Finish grades near the original ground line 
cause special problems because the top soil variations 
are usually some combination of silty clay and organic 
matter which tends to be unstable at higher moisture 
contents.  Another potential problem area is where the 
subgrade passes from a fill section to a cut section, or 
the other way around.  In this case the soil in the fill 
section is usually quite different than the top soil 
encountered at the beginning of the cut section.  The 
fill dirt may be mixed with other soils in the handling 
process and may even be borrow dirt from a totally 
different area.  If the subgrade cannot be stabilized 
with proper moisture and density control through this 
area an undercut of the existing top soil may be 
necessary.  Filling the undercut with a mixture of soil 
resembling the adjacent fill material should result in a 
more uniform and stable subgrade.  

                   
                  Any coal encountered within 2' of the subgrade  
                  elevation will be undercut and removed from the  
                  right-of-way, and backfilled with suitable material.   
                  All bedrock found in the subgrade limits should be  
                  removed or broken off at least 6" below the subgrade  
                  elevation and backfilled with suitable material.  All  
                  soft, yielding, or other unsuitable materials  
                  encountered in the subgrade area which cannot be  
                  compacted satisfactorily shall be removed and replaced  
                  if corrective measures are not effective. 
                   
                  The final goal is to have a subgrade that will meet the  
                  cross section and finish grade requirements as well as  
                  satisfying the density and proof rolling specification  
                  prior to placing the initial subbase material.  Even  
                  though the proof rolling is the last operation to be  
                  performed, most of the potential soft spots should be  
                  detected and treated before the final grading is  
                  completed. 
                   
  Fine Grading    Fine grade must be provided for the final trimming and  
                  checking of the cross section and grade.  Stakes are  
                  usually set at 50' intervals near each edge of the  
                  subgrade with a grade mark established at some known  
                  distance above the actual finish subgrade elevation.  A  
                  stringline is stretched across the grade marks on two  
                  adjoining stakes and the subgrade elevation is checked 
                  by measuring down the know offset distance from the  
                  stringline to the dirt grade.  The appropriate  
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                  corrections for a crown in the typical cross section is  
                  used in calculating the correct offset distance.  The  
                  tolerance for finishing the earth subgrade is 1/2" from  
                  the true grade.  Any low areas in the grade requiring  
                  less than 3" additional fill material should be  
                  scarified prior to placing the fill material so the  
                  thin layer of fill will be tied into the previous layer  
                  when compacted. 
                   

Fine Grading the subgrade for aggregate or asphalt base 
courses is usually performed with a motorgrader and 
checked with a stringline, but may be performed with an 
automatic grading machine controlled from a stringline.  
This last mentioned machine must be used for preparing 
the subgrade for concrete base and pavement.  When  

                  underdrains are specified, special care must be taken  
                  to insure that there is no damage to the drains and  
                  that the aggregate backfill does not become  
                  contaminated with dirt. 
 

 
 
  Density         When all of the filling and grading operations have  
  Testing         been completed on the subgrade, density testing is  
                  required.  The minimum number of tests required is  
                  outlined in the current Manual for Frequency of  
                  Sampling And Testing and Basis For Use of Materials  
                  provided by the Indiana Department of Transportation,  
                  Materials and Test Division.  One test for each  
                  800 lft. of two-lane pavement for each major cut or fill  
                  section is required.  Any failing tests will require  
                  additional work on the subgrade in that area to obtain  
                  the required density.  Soil compaction at the optimum  
                  moisture content requires the least amount of  
                  compactive effort to obtain 100% dry density.   
                  Therefore drying excess moisture or adding water to a  
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                  dry subgrade may be necessary to obtain this required  
                  density. 
                   

Proofrolling When proofrolling is specified and just prior to placing 
Section  the next course on the subgrade, the work shall be  
203.26 performed with a pneumatic tire roller or other approved 

equipment such as a fully legally loaded tri-axle dump 
truck.  Two complete coverages with the proofroller will 
verify the condition of the subgrade.  All roller marks,  

                  irregularities or failures must be corrected.  Any  
                  depressions in the subgrade that will hold water must  
                  be eliminated. 
                   
                  Preparing the subgrade well ahead of the paving  
                  operation will help insure a more uniform subgrade with  

                fewer paving delays. 
 

Chemical   This work shall consist of the modification of soils by  
  Modification uniformly mixing dry portland cement, fly ash, lime, or a 

Of Soils        combination of the materials with soil to aid in 
achieving the workablility of soils having an excessive 
moisture content. 
 
The Contractor shall be responsible for all tests 
required to determine the optimum chemical modifier 
content for modification of the soils.  The test results, 
recommendations, and type A certifications shall be 
submitted to the Engineer and Materials and Tests 
Division for approval at least five days prior to use.  
The quantity of chemical modifier may be adjusted for 
different soil types.  However, the source or type of 
chemical modifier shall not be changed during the 
progress of the work without approval and will require a 
new mix design. 
 
Chemical soil modification shall be performed when the 
soil has a minimum temperature of 45°F, 4” below the 
surface, with the air temperature rising.  The modifier 
should not be mixed with frozen soils. 
 
The soil shall be scarified to a planned depth prior to 
placement of the chemical modifier.  It will be uniformly 
distributed by a cyclone, screw-type, or pressure 
manifold distributor.  Spreading of the modifier should 
be limited to an amount which can be placed into the soil 
within the same work day and during acceptable wind 
conditions. 
 
The chemical modifier, soil, and possibly water, shall be 
thoroughly mixed by rotary speed mixers until a 
homogenous layer of the required thickness has been 
obtained.  Compaction of the mixture should begin as soon 
as possible, but must be started within: 

• 30 min for cement modified soils 
• 4 hours for fly ash modified soils 
• 3 days for lime modified soils 
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Construction traffic should not be allowed on the treated 
soils within 72 hours of compaction.  Maximum dry 
densities should be obtained through appropriate testing 
procedures and must be within tolerance.  The moisture 
content of the mixture should be between optimum and +2%. 

   
Standard In a fill section equal to or greater than 24” in  
Cut & Fill height, the top 24” shall be compacted to 100% of maximum 
Sections  dry density.  The Contractor may substitute 16” of  

chemical soil modification, or 12” of compacted aggregate 
size No. 53. 
 
In a cut section where density and moisture controls are 
used, the top lifts shall be removed, and the bottom 6” 
compacted in-place to comply with the specified density 
and moisture requirements.   
  

  Subgrade  Subgrade materials shall be compacted to 100% of maximum 
  Treatments dry density as specified.  When conditions are 

encountered below the planned subgrade treatment depth 
that prevent achieving the specified compaction with at-
grade, cut, cut-to-fill, and fill sections of less than 
24”, the following treatments shall apply: 
 
TYPE A 16” chemical soil modification or 12” of the  

subgrade excavated and replaced with 
compacted aggregate size No. 53.  Where 
granular soils exist, the subgrade may be 
treated by 24” compacted to density and 
moisture requirements. 

 
 TYPE B 8” chemical soil modification, or 6” of the  

    subgrade excavated and replaced with 
compacted aggregate size No. 53.  Where 
granular soils exist, the subgrade may be 
treated by 12” compacted to density and 
moisture requirements. 

  
 TYPE C  24” compacted to the density and moisture  

    requirements, or 12” of subgrade excavated 
and replaced with compacted aggregate size 
No. 53. 

 
 TYPE D 12” compacted to the density and moisture  

   requirements or 6” of subgrade excavated and 
replaced with compacted aggregate size No. 
53. 

 
 TYPE E 6” compacted to the density and moisture  

   requirements, or 6” of subgrade excavated and 
replaced with compacted aggregate size No. 
53. 

 
  Moisture        The moisture content must be controlled during the  
  Control         special subgrade treatment operations.  Fine grain or  
                  clay type soils will be placed at a moistures content  
                  within -2 and +1 percentage points of its optimum.   
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                  Silts, silty loams, or loessial type soils will be  
within -3 percent of its optimum.  Soils composed 
primarily of sand or sand and gravel can normally be 
compacted to the specified density at a moisture content 
several percentage points below optimum.  Careful 
monitoring and control of the moisture content and 
density of the soil during the special subgrade treatment 
process is essential for attaining a uniformly dense and 
stable subgrade. 

                   
   
  Exceptions      The undercutting may not be necessary if it is  

determined through testing that the lower lifts of the 
subgrade treatment area meets the required moisture and 
density requirements and only the uppper 6" shall be 
treated.  In sections where shale, shale and soft rock 
mixtures, or soft rock are encountered, these materials 
shall be undercut 6” below the subgrade elevation and 
replaced with No. 53 or No. 73 aggregate and compacted.  
All irregularities and holes shall be graded to provide 
positive drainage.  Where necessary, finishing to 
subgrade elevation shall be accomplished using No. 11 or 
No. 12 crushed stone. 
                   

  Drainage        Providing surface drainage for the undercut areas is  
                  usually impossible.  The size of the undercut areas  
                  should be limited, and the undercutting schedule  
                  regulated, so that an area is not left open when rain  
                  is likely.  Water ponding in the undercut area would  
                  likely worsen the excess moisture problems that the  
                  undercut was designed to alleviate.  The final moisture  
                  and density testing, and proofrolling will be performed  
                  on the top 8" of the completed subgrade near the 
                  beginning of the paving operation. 
                   
  Measurement     In fill sections the subgrade treatment will be  
  And Payment     performed during the construction of the embankment and  

no additional payment will be made for the treatment.  
The cost of subgrade treatments including testing, 
sampling, aggregates, modifiers, water, or the excavation 
required for the methods chosen by the Contractor shall 
be included in the cost of pay item for subgrade 
treatment.  No direct payment will be made for subgrade 
treatment on the bottom 6” below the undercut, or the top 
6” in those cut sections where it is determine that 
undercutting is not necessary.  Where conditions exist 
below the specified subgrade compaction depth that 
prevent achieving the specified compaction, payment for 
correcting such conditions will be made based on the 
directed method of treatment.  The accepted quantity of 
chemically modified soils will be paid for by the square 
yard, complete in place. 

                   
Summary       Proper subgrade construction and treatment is one more  
                  step toward the completion of a good roadway.  The  
                  specified moisture and density requirements must be  
                  present when the subgrade is covered by any subsequent  
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                  courses.  Through careful schedule planning, and  
                  construction, the contractor can attain these results  
                  in the most economical way possible while providing a  
                  good, stable, subgrade. 
                   
 
 
 
 
 
 


